Purpose: Sympathetic ophthalmia (SO) is an autoimmune, bilateral, granulomatous panuveitis, which occurs following penetrating eye injury or eye surgery. We report two cases of refractory SO in patients with a history of trabeculectomy, which were treated effectively with adalimumab. Observations: Case 1: A 69-year-old male with a history of trabeculectomy for rubeotic glaucoma of the right eye, secondary to diabetic retinopathy 8 years prior, presented with a decrease in visual acuity of the left eye due to SO. After two rounds of pulse corticosteroid therapy (intravenous infusion of 1 g methylprednisolone/day for 3 days), serous retinal detachment (SRD) was resolved. As oral prednisolone was tapered to avoid deterioration of the diabetes mellitus, we shifted to other immunosuppressive therapies to control inflammation. Methotrexate 6mg/week (0.1 mg/kg) was introduced first, but was discontinued owing to side effects. After 6 months of cyclosporine 100 mg/day (1.5 mg/kg, max. dose 2.3 mg/kg), the SRD relapsed. Adalimumab was then introduced, which led to remission of SRD, and inflammation was controlled for 7 months.
Introduction
Sympathetic ophthalmia (SO) is an autoimmune, bilateral, granulomatous panuveitis, which occurs following penetrating eye injury or eye surgery. 1 Although the true incidence is unknown, the estimated incidences after penetrating ocular injuries and intraocular surgery are 0.2%-0.5% and 0.01%-0.05%, respectively. 2 The pathogenesis of SO is not fully understood, but a T-cell-mediated immune reaction against ocular antigens is suspected; notably, it has similar pathogenesis to Vogt-Koyanagi-Harada disease (VKH). A history of penetrating ocular trauma or surgery is an essential diagnostic criterion of SO, largely because of the similarity to clinical manifestations of VKH. 3 SO and VKH have been reported to exhibit a greater likelihood of HLA-DR4 expression in the Japanese population. 4 Systemic and topical corticosteroid therapy for controlling inflammation has been the mainstay of SO treatment. 5 If patients are intolerant or do not respond to the corticosteroid treatment, other immunosuppressive agents are used. Cyclosporine, methotrexate, azathioprine and mycophenolate mofetil are reported to be effective for controlling the inflammation associated with SO.
approved steroid-sparing immunosuppressive drug for non-infectious uveitis in Japan, thus, it is often chosen as a first-line steroid-sparing immunosuppressive drug. Notably, the approval of adalimumab in 2016 dramatically changed the treatment strategy for non-infectious uveitis in Japan.
Here, we report the use of adalimumab for the treatment of two cases of SO combined with glaucoma in patients who had a history of filtration surgery. To reduce the risk of corticosteroid induced intraocular pressure (IOP) elevation, adalimumab appeared to be beneficial for SO patients with glaucoma.
Findings

Case 1
A 69-year-old male with diabetic retinopathy presented with progressive and persistent blurriness of the left eye. The patient had a history of cataract surgery in both eyes 12 years prior, as well as vitrectomy and trabeculectomy in the right eye for rubeotic glaucoma 8 years prior. At presentation, the right eye demonstrated no light perception and the best-corrected visual acuity of the left eye was 0.02. IOP was 8 mmHg in the right eye and 13 mmHg in the left. Slit-lamp examination showed a filtering bleb with underlying uvea and a 3-mm hyphaema in the anterior chamber with severe iris rubeosis in the right eye. The left eye had numerous granulomatous keratic precipitates and an anterior chamber cell grading of 2+, based on the Standardization of Uveitis Nomenclature Working Group classification. 9 Fundus examination showed serous retinal detachment (SRD) and choroidal detachment with panretinal photocoagulation for diabetic retinopathy in the left eye ( Fig. 1-A) . Fundus of the right eye was invisible due to the presence of a hyphaema. Fluorescein angiography revealed multiple hyperfluorescent leakage dots and multiple chorioretinal scars from panretinal photocoagulation; indocyanine green angiography (ICG) showed multifocal hypofluorescent dots at late phase ( Fig. 1-C, 1-D) . Optical coherence tomography (OCT) showed bullous SRD with loss of choroidal vascular structure, suggestive of choroidal inflammation ( Fig. 1-B) . The patient noticed auditory disturbance, but did not experience headaches or dermatological disorders such as alopecia, vitiligo, or poliosis. Human leukocyte antigen (HLA) testing revealed that the patient was HLA-DR4 positive. The patient was diagnosed with SO. Pulse corticosteroid therapy (intravenous infusion of 1 g methylprednisolone/day for 3 days) was initiated, followed by slow tapering. The hyphaema soon resolved and SRD was observed in the right eye, which also improved following corticosteroid treatment. The patient soon developed severely uncontrolled hyperglycaemia and corticosteroid-induced IOP elevation. To avoid side effects, prednisolone was rapidly tapered, and methotrexate was introduced with the starting dose of 6 mg/week (0.1 mg/kg) However, methotrexate treatment was discontinued owing to side effects, such as pancytopenia and hepatic insufficiency. Cyclosporine 100 mg/day (1.5 mg/kg, max dose 2.3 mg/ kg) was then initiated, but inflammation persisted. SRD recurred 6 months later, while the patient was receiving 150 mg/day (2.3 mg/kg) cyclosporine and 20 mg/day oral prednisolone. Subcutaneous injection of adalimumab was then introduced, with a loading dose of 80 mg, followed by a dose of 40 mg every 2 weeks. There was no recurrence of SRD for 7 months and oral prednisolone administration was tapered from 20 mg/day to 2.5 mg/day (Fig. 2) . The blood glucose level of the patient was well-controlled and IOP remained within the target range. There were no side effects associated with the adalimumab therapy.
Case 2
A 43-year-old male presented with bilateral blurred vision. The patient had a history of trabeculectomy in the right eye 3 years prior for primary open angle glaucoma. At presentation, best-corrected visual acuity was 0.05 in the right eye and 1.2 in the left eye. IOP was 7 mmHg in the right and 12 mmHg in the left eye. Slit-lamp examination revealed numerous granulomatous keratic precipitates in both eyes, with a 4 + cell grading in the right anterior chamber and a 2 + cell grading in the left anterior chamber. Fundus examination showed SRD in both eyes ( Fig. 3-A) . Fluorescein angiography detected vascular leakage from neovascularisation in the right fovea, but no hyperfluorescent leakage was detected. ICG showed multifocal hypofluorescent dots in the both eyes (Fig. 3-C, 3-F) . OCT revealed SRD in the right eye and choroidal thickening in both eyes (Fig. 3-B, 3-E) The patient was positive for HLA-DR4. The patient experienced headaches and auditory disturbance for a few weeks before developing ocular symptoms. Poliosis had been noticed 1 year prior. The patient was diagnosed with SO and pulse corticosteroid therapy (intravenous infusion of 1 g methylprednisolone/ The image reveals multiple hypofluorescent dark spots during the late phase of the angiography. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) day for 3 days) was initiated. The patient was promptly administered 50 mg/day oral prednisolone and 125 mg/day cyclosporine (1.8 mg/kg, max. dose 2.1 mg/kg), because the patient had severe visual field loss and a history of corticosteroid-induced IOP elevation as a response to topical and systemic corticosteroid. However, 2 months after the resolution of SRD by pulse corticosteroid therapy, SRD relapsed when the patient was on 20 mg/day oral prednisolone and 150 mg/day (2.1 mg/ kg) cyclosporine. Additionally, side effects including hypertension, angular cheilitis, oral ulcer and fatigue were noted, thus, cyclosporine was discontinued. Adalimumab was initiated with a loading dose of 80 mg followed by a dose of 40 mg every 2 weeks; subsequently, the patient achieved IOP within the target range and complete control of the uveitis over 7 months, without any side effects. Prednisolone was successfully tapered to 0 mg.
Discussion
The cases described in this report indicate the benefits of adalimumab therapy for refractory SO, particularly in glaucoma patients who must avoid corticosteroid-induced IOP elevation. In both cases, introduction of adalimumab led to the attainment of target IOP, as well as an improvement in inflammation and remission of SRD.
Vitreoretinal surgery and cataract surgery are the main surgical causes of SO. 10 Trabeculectomy is also a risk factor for SO, which is supported by experimental studies demonstrating that immunization with melanocyte specific proteins (tyrosinase-related protein) induces ocular inflammation. 11 In case 2, SO was most probably triggered by trabeculectomy; however it is unclear whether vitrectomy or trabeculectomy was directly associated with SO in case 1. Notably, there was an incarceration of uveal tissue at the surgical site, which may have caused exposure of the uvea to extraocular antigens and led to SO. It is important to consider the possibility of SO even 3-8 years after trabeculectomy. Because serum and ocular TNFα levels are reported to be elevated in SO, it is plausible that therapy with TNFα antagonists may be effective for the treatment of SO. adalimumab for a patient with refractory SO after phakic intraocular lens implantation. 15 Kase et al. described the use of adalimumab therapy for refractory paediatric SO after trauma. 16 These cases show the successful use of adalimumab therapy for SO patients with a history of glaucoma filtration surgery. Infliximab is solely approved for Behcet's disease in Japan; in contrast, adalimumab can now be widely used for the treatment of noninfectious uveitis in Japan. Vallet et al. reported that adalimumab and infliximab are equally effective for the treatment of non-infectious uveitis. 17 Previous studies have shown that adalimumab use was associated with a higher rate of long-term quiescence compared with infliximab. 18 There was also a nonsignificant trend towards a higher rate of serious side effects during the use of infliximab, including infections, hypersensitivity reactions, autoimmune disease, and neoplasia. 17 While infliximab requires hospitalization for intravenous administration, adalimumab is administered subcutaneously, which is more comfortable for patients. 18 SO is a relatively rare and difficult disease to treat. The efficacy and safety of adalimumab treatment in patients with non-infectious uveitis was described in the VISUAL (I, II, III) trials. 19 However, the number of SO patients is limited; thus, such encounters are limited to case reports. 15, 16, 19 Despite the limited availability of approved non-steroidal immunosuppressive therapy for non-infectious uveitis in Japan, these two detailed cases show the successful treatment of SO with adalimumab. These two cases also reveal the importance of the early initiation of adalimumab in glaucoma or diabetic patients, in order to avoid the side effects of corticosteroid treatment.
Conclusions
In summary, to control non-infectious uveitis in which TNFα is thought to play a role in the pathogenesis, such as SO, adalimumab may be a strong candidate as a first-line corticosteroid-sparing agent, particularly for glaucoma and diabetic patients. Adalimumab was first approved for use in Japan in 2016. Long-term follow-up with a large group of patients is required to clarify the possible adverse effects and efficacy of adalimumab. It is also essential to elucidate whether adalimumab can be tapered or discontinued in patients whose inflammation has been successfully controlled.
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